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Abstract
Prevention of thromboembolic complications in cases of atrial fibrillation (AF) and, above all, ischemic stroke (IS), 

represents a key problem of modern cardiology. The aim of the present study was to assess the feasibility of Multiple Logistic 
Regression Analysis in predicting the occurrence of IS in AF patients with the predictor genotypes of the FGB, GPIα, and GPIβα 
genes, in order to implement an approach to primary prevention and personalized treatment.

Methods and Results: We examined 43 patients with atrial fibrillation and IS in their histories and 78 patients with AF 
without IS. A total of 188 persons without AF were included in the control group. The present study showed that the homozygote 
minor allele genotype (AA) of the FGB -455G/A SNP, the minor allele CT and TT genotypes of the GPIa 807C/T SNP, and the 
-5C/-5C and -5C/-5T genotypes of the GPIβα -5T/C polymorphism can be studied as genetic predictors of IS in AF patients. 
Logistic regression analysis was used to predict the development of IS in AF patients, depending on the presence of pathological 
genotypes of the FGB, GPIα, and GPIβα genes. The percentage of correct predictions for the absence of IS using this model was 
99.5%. The development of IS was correctly predicted in 7.0% of cases. The overall percentage of correct predictions was 82.3%. 

Conclusion: The obtained logistic regression model is recommended as an additional method for assessing the risk of IS in 
young patients with lone AF. (International Journal of Biomedicine. 2018;8(4):284-287.)
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Abbreviations 
AF, atrial fibrillation; ACA, acute cerebrovascular accident; AUC, area under the curve; FGB, fibrinogen beta chain; IS, 
ischemic stroke; MLRA, Multiple Logistic Regression Analysis; OR, odds ratio; CI, confidence interval. SNP, single nucleotide 
polymorphism; GPIa, glycoprotein Ia; GP1βα, glycoprotein Ib platelet subunit alpha.

Introduction
Prevention of thromboembolic complications in 

cases of AF and, above all, IS, represents a key problem of 
modern cardiology.(1-7) The formation of AF-related blood 

clots in the atria is a result of a complex interaction among 
different factors, including the enlargement of the left atrial 
appendage, hemostasis, endothelial dysfunction, systemic and, 
conceivably, local hypercoagulation.(8) The CHA2DS2-VASc 
score for Stroke Risk Assessment in AF presents quantitative 
estimates of the various clinical risk factors.(9,10) However, 
over the past decade a number of studies have discussed 
the genetic risk factors for IS development in patients with 
AF.(11-15) Mainly, the objects of the study were the genes of the 
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hemostasis system, but more generally, the objects of study 
were the genes of the hemostatic system. 

Several polymorphisms of platelet membrane 
glycoprotein have been identified as potential risk factors for 
cardiovascular disease. Thus, a nucleotide −5T/C dimorphism 
in the translation initiation site (Kozak sequence) of the GPIbα 
gene has been associated with increased platelet surface levels 
of the GPIb-IX-V receptor complex.(16) The role of this GPIbα 
Kozak sequence polymorphism in the occurrence of arterial 
thrombotic disease is known.

Platelet GPIa 807C/T is the only GP polymorphism 
associated with the expression levels of GP Ia/IIa (the platelet 
collagen receptor). Logistic regression analysis revealed that 
the presence of the GPIa 807C/T C allele and CC genotype 
were both associated with a decreased risk of CH compared 
with T allele, CT and TT genotypes.(17)

Xiaofeng Hu et al. found that the FGB -455 G/A 
polymorphism was independently associated with increased 
risk of cardioembolic stroke in AF patients with a low 
CHA2DS2-VASc score.(18)

The researchers presented data on the association 
of predictor genotypes with the development of IS in AF 
patients.(19) At the same time, the use of mathematical methods 
for predicting this complication in AF patients is relevant 
for the isolation of high-risk groups among patients and the 
implementation of measures for targeted prevention and use 
of personalized treatment. 

The aim of the present study was to assess the feasibility 
of MLRA in predicting the occurrence of IS in AF patients with 
the predictor genotypes of the FGB, GPIα, and GPIβα genes, 
in order to implement an approach to primary prevention and 
personalized treatment.

Materials and Methods
We examined 43 patients with AF and IS in their histories 

(Group 1) and 78 patients with AF without IS (Group 2). A 
total of 188 persons without AF were included in the control 
group (Group 3). The median age in the groups did not differ 
significantly (58 years [52; 65], 62 years [44.75; 71], and 59 
years [53; 65.75], respectively). The diagnosis of AF was 
based on electrocardiograms (ECG) and/or Holter ECG data 
following standard diagnostic criteria. All patients underwent 
the following examinations: ECG, echocardiography, Holter 
ECG, exercise stress test, transesophageal stimulation of the left 
atrium, and blood test for thyroid hormones (TSH, free T3, free 
T4). To confirm the ischemic nature of acute cerebrovascular 
accident in the examined patients, a brain MRI was used. All 
participants underwent a molecular-genetic examination. 

The present study was approved by the local Ethics 
Committee of Professor V.F. Voino-Yasenetsky Krasnoyarsk 
State Medical University. Written informed consent was 
obtained from each patient.

Statistical analysis was performed using the Statistica 7.0 
software package (Stat-Soft Inc., USA) and IBM SPSS 20 
(SPSS Inc, Chicago, IL). The normality of distribution of 
continuous variables was tested by the Shapiro-Wilk test. For 
descriptive analysis, results are presented as mean±standard 

deviation, median, interquartile range (IQR; 25th to 75th 
percentiles). Chi-squared and Fisher’s exact tests were used 
to determine the association between categorical measure 
including allele and genotype. Three exact probability tests for 
departure from HWE due to heterozygote excess, heterozygote 
deficit and omnibus probability test were carried out using 
GENEPOP (v.4.7.0). The strength of the associations was 
expressed as odds ratio (OR) with 95% confidence interval (CI). 
Logistic regression analysis was used to predict the development 
of IS in AF patients, depending on the presence of pathological 
genotypes of the FGB, GPIα, and GPIβα genes. As a response, 
a binary variable was considered, where 0 is the absence of the 
predicted state (IS), 1 - its presence. The quality of the model 
(specificity and sensitivity) was measured by receiver operating 
characteristic (ROC) analysis. For all tests, a probability value 
of P<0.05 was considered statistically significant.

Results
The homozygote minor allele genotype (AA) of the 

FGB -455G/A SNP tended to elevate the risk of IS (OR=1.7, 
95% CI: 1.08–2.82) in AF patients. Both minor allele TT and 
CT genotypes of the GPIa 807C/T SNP were associated with 
an increased risk of IS in AF patients (OR=2.5, 95% CI: 1.17-
5.36). Analysis of −5T/C polymorphism of the GPIbα gene 
revealed that  the rare  -5C allele tended to elevate the risk of 
IS (OR=1.9, 95% CI: 1.05–3.42), and both -5C/-5C and -5C/-
5T genotypes were associated with an increased risk of IS in 
AF patients (OR=2.3, 95% CI: 1.15–4.57).

Thus, the present study showed that the homozygote 
minor allele genotype (AA) of the FGB -455G/A SNP, 
the minor allele CT and TT genotypes of the GPIa 807C/T 
SNP, and the -5C/-5C and -5C/-5T genotypes of the GPIβα 
−5T/C polymorphism can be studied as genetic predictors of 
IS in AF patients. Therefore, for the further development of 
mathematical models to predict IS, depending on the predictor 
genotypes in AF patients, we used the AA genotype of the 
FGB -455G/A SNP, the TT+CT genotypes of the GPIa 807C/T 
SNP, and  the  -5C/-5C+-5C/-5T genotypes of the GPIβα gene. 

The logistic regression model is a dependence of the 
logarithm of the chance of the predicted event (logit) on a linear 
combination of factor variables. Accordingly, the probability 
that the predicted event will occur can be represented by the 
following equation: 

p - the probability of the predicted event,
e - the mathematical constant 2.72 (the base of the 

natural logarithms),
b0 - the constant of the model, b1 is the coefficient of the 

predictor variable 
х1,- the change in logarithmic chances caused by a single 

change in independent variables, 
n - the ordinal number of the predictor included in the 

equation.
When predictors were included in the multiple logistic 

regression equation, their collinearity and autocorrelation 
were tested.

The logistic regression model was built using step-by-step 

, where
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inclusion of prognostic factors and determination of the minimum 
set of predictors by calculating Nagelkerke’s R2 to indicate the 
effect of all model predictors on response variable dispersion. 

The statistical significance of the model was verified 
using the χ2 criterion. At a value of P<0.05, the hypothesis of 
insignificance of the model was rejected. Compliance of the 
model with the data was characterized by the Hosmer-Lemeshow 
goodness-of-fit test (HL test). When P>0.05, the hypothesis of 
model consistency was accepted. 

The interpretation of the logistic regression parameters 
was based on the value of exp(b): if the coefficient b is 
positive, then exp(b) is greater than 1 and the chances of the 
predicted event increase; if the coefficient is negative, the 
chances decrease. 

Sensitivity and specificity of predictors were evaluated 
by ROC-analysis. Quantitative interpretation of the results for 
the final model was carried out on the ROC-curve with the 
assessment of AUC.

To assess the impact of these genotypes on the probability 
of IS, a multiple logistic regression model was constructed:

p - the probability of ischemic stroke
x1- presence of the AA genotype of the FGB -455G/A 

SNP (yes – 1, no – 0), (b1= 0.94)
x2 - presence of allele T (TT or CT genotypes) of the GPIa 

807C/T SNP (yes – 1, no – 0), (b2= 0.927)
x3 - presence of allele -5C (-5C/-5C or -5C/-5T genotypes) 

of the GPIβα −5T/C polymorphism (yes – 1, no-0), (b3= 0,854),
constant b0 = - 2,519.
The model was statistically significant. The significance of 

the model at the third step of the predictors’ inclusion corresponded 
to P=0.002. The HL test demonstrates the consistency of the 
model with the original data (P=0.054). The data of the model is 
presented in Table 1.

The model reflects an increase in the possibility of IS 
in AF under the influence of 3 studied genetic factors. The 
coefficient of determination of the multiple model is R2=0.102, 
which shows a statistically significant explanation of the 
influence of selected genetic factors on the probability of IS in 
the study group of patients by 10.2%. The obtained model has 
a high specificity. The percentage of correct predictions for the 
absence of IS using this model was 99.5%. The development 
of IS was correctly predicted in 7.0% of cases. The overall 
percentage of correct predictions was 82.3%. 

According to the ROC curve analysis, AUC was 
0.671±0.050 (95% CI: 0.574-0.768; P<0.001), which corresponds 
to the average quality of the model for predicting the development 
of IS in AF (Fig.1). 

According to the overall results of our study, the 
probability of IS in AF, predicted by the method of logical 
regression, is 7.0%; for the absence of IS - 99.5%. The total 
percentage of correct predictions is 82.3%. 

, where

Table 1. Linear regression model of IS depending on the presence of pathological genotypes

Regression
coefficient

(b)
Standar
d Error

Wald test 
 χ2

Sig.
(P)

Exp
(b)

95% CI for Eхр(b)

Lower
Bound

Upper
Bound

Step 1
GPIα gene
(ТT and CT  genotypes) 0.916 0.390 5.515 0.019 2.498 1.163 5.364

Constant -2.092 0.335 38.950 <0.001 0.123

Step 2

GPIα gene
(ТT and CT  genotypes) 0.906 0.394 5.293 0.021 2.474 1.144 5.350

GPIα gene 
(СС and СТ genotypes) 0.817 0.358 5.194 0.023 2.263 1.121 4.568

Constant -2.350 0.365 41.533 <0.001 0.095

Step 3

 FGB gene
(АА genotype) 0.940 0.463 4.125 0.042 2.560 1.033 6.344

GPIβα gene
(-5Т/-5T and -5C/-5T 
 genotypes) 

0.927 0.398 5.423 0.020 2.526 1.158 5.510

GPIβα gene
(-5С/-5С and -5С/-5Т
genotypes)

0.854 0.363 5.528 0.019 2.348 1.153 4.785

Constant -2.519 0.384 43.019 <0.001 0.081

Fig. 1. ROC - curve of the regression model of IS in AF 
patients depending on the presence of the predictor genotypes.
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Discussion 
Recently, a lot of emphasis has been given to personalized 

prophylaxis, which is aimed at managing the genetic risk factor. 
New knowledge about genetic risk factors from population-
based genetic cohort studies requires the creation of different 
data analytics software to discover the ratio of genetic risk 
factors and the influence of environmental factors, as well as 
the impact of comorbidity. In particular, the developed logistic 
regression model represents an important method of analysis, 
which is used to confirm the statistical significance of the 
chosen genetic predictors of IS development in AF patients. 
The described model can be used as an additional method of 
predicting the AF-related IS. 

Using the developed logistic regression model of IS 
prediction, depending on predictor genotypes in AF patients, it 
is possible to take into account genetic factors to improve the 
complex of preventive measures for a particular individual, 
this being very important at a low risk of AF-related embolic 
complications, according to the CHA2DS2-VASc score. The 
obtained logistic regression model is recommended as an 
additional method for assessing the risk of IS in young patients 
with lone AF. To increase the sensitivity of the developed 
multiple logistic regression model and obtain a more accurate 
forecast, it is possible to further include in the model the main 
clinical risk factors for AF-related IS used in the CHA2DS2-
VASc score.
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